In the past, FFT is used to analyze signals because of its simplicity and efficient computation, but there are three major pitfalls, namely aliasing, picket-fence effect and leakage [5] . FFT is not suitable for detecting the time-varying signals. Chirp-Z transform is one of the spectrum zooming methods to estimate frequency [6] . Discrete chirp-Fourier transform (DCFT) can be used to analyze multicomponent chirp signals [7] . A procedure based on the radial-basis-function (RBF) neural network is proposed to detect the amplitudes of the multi component signals [8] . However, RBF neural network has an inevitable training process. The training is typically done in two phases, first fixing the width and centers and then the weights. More numerical operations are used in the RBF to increase the accuracy. A method based on convex optimization is proposed in [9] , but weak signals are not easy to be recognized because some shape peaks exist in the detection result figures.
The methods of decomposition of non-linear signal are studied in recent years. Empirical mode decomposition (EMD) [10, 11] separates complicated signals into a series of intrinsic mode functions (IMFs), then Hilbert spectrum is used to represent the time-frequency distribution. In addition, the marginal spectrum is offered a measure of total amplitude (or energy) contribution from each frequency value. EMD is widely used in non-linear and non-stationary data analysis [12] . When the amplitudes of signals are less than the boundary of the hard slope, the EMD does not separates the signals [13] . The major drawback of EMD is the mode mixing, that is to say, one IMF includes wide disparate scales or a similar scale appears in different IMFs. In order to solve this problem, the ensemble empirical mode decomposition (EEMD) [14] adds white Gaussian noise of finite amplitude to the signals and utilizes EMD. The above two methods have a disadvantage that they are quite sensitive to noise.
Nonlinear mode decomposition (NMD) [15] decomposes a signal into a number of physically meaningful oscillations. Compared with the previous methods, NMD is a new adaptive decomposition tool with the advantage of noise-robust [16] . Differential nonlinear mode decomposition (DNMD) is put forward in this paper, which synthesizes the strengths of current methods. Numerical simulation results have shown that the proposed method has better performance on extracting small amplitude signals under noise and chaos. The method based on DNMD shows advantages over other methods in quantitative comparisons. In the case of underwater acoustic signal, proposed method can remove effectively the ocean ambient noise and detect both signals when the amplitude of one signal is smaller than another signal.
II. BACKGROUND
Nonlinear mode decomposition is a new adaptive decomposition tool proposed in 2015 [15] . NMD is based on the time-frequency analysis techniques, surrogate data tests, and the identification of the time-variable harmonics. NMD extracts all physically meaningful modes, removes noise and has excellent performance at noise robustness. The NMD result can be expressed as
where   WFT: 
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JOURNAL OF COMMUNICATIONS SOFTWARE AND SYSTEMS, VOL. 14, NO. 2, JUNE 2018 (1)-(9). If the first harmonic does not pass the surrogate test against noise, and therefore NMD is stopped.
III. MULTI-COMPONENT SIGNAL DETECTION BASED ON DNMD
In the actual situation, the low power signals are inevitably masked by noise. To solve the problem of extracting multi component time-varying signal, a new detecting method based on the differential nonlinear mode decomposition is proposed. Differential operation can enlarge the power of small part and make it easier to be detected. In order to analyze the signal deeply, spectrum analysis is applied after decomposition. The effect of suppressing noise and chaos is improved by twice decomposition. The algorithm of this novel method is carried out in the following steps.
Step 1: Apply differential to the original signal
Step 2: Apply NMD to   
To quantitatively compare these methods, the ratio i R [18] is calculated in this paper by E A R i i  (19) where subscript i means ith component, 
IV. NUMERICAL SIMULATION AND ANALYSIS
After describing the DNMD procedure, this paper illustrates the effectiveness of the proposed method by considering the following simulation signals [19, 20] . All the tests are carried out using MATLAB R2012b on a desktop Intel Core i7-455U PC with Windows 8 system. The sampling frequency of the signal is 400Hz. A Monte Carlo simulation of 100 replications is conducted for this section. In our paper, SNR is the ratio of the signal power to the noise power, and it does not include chaos.
A. Example 1
A multi-component signal of time-varying amplitude under white noise is described as follows, Fig. 2a and Fig. 2b ). There are no obvious peaks near the 45Hz and the spectrums are flat at 100Hz because noise interference is serious in Fig. 2c and There is a fake frequency about 5Hz at the beginning of the EMD spectrum (as shown in Fig. 2c) .
In order to compare the performance of DNMD quantitatively, the ratio i R of each method under different SNR is listed in Table I . According to the Table I 
B. Example 2
Chaotic signals are commonly existed in the natural phenomena. A chaotic signal looks like a random noise, which is generated by a determinate system. When the signal is polluted by white noise and chaotic signals, DNMD can also extract the original signal. The chaotic interference signal is generated by Lorenz system which is a simplified mathematical model for atmospheric convection at first. Lorenz system, as a typical chaos, is commonly added to signal analysis. The equation can be described as follows:
() Table II . In the Table  II , SIR is the ratio of signal power to interference (noise and chaos) power. As shown in Fig. 4 Table II that DNMD is superior to other methods under the same condition of noise and chaos. Table III . The running time of DNMD is longer because of the higher algorithmic complexity and better performance of detection, which matches our anticipation. As we all know, time consumption and performance of the method can't be achieved at the same time. 
V. REAL SIGNAL ANALYSIS
Ocean ambient noise is colored noise and an interference signal. Industrial activities, ship noise, wind and rain are main noise source off the coast. In this section, DNMD is used to detect the real underwater signal. The vertical underwater acoustic array data was collected in shallow-water off the Italian west coast by the NATO SACLANT Center in La Spezia, Italy. The sample frequency is 1kHz. The frequency of the signal is about 170Hz and 350Hz. The data used here was collected by the third sensor. Actually, the frequency are near 170Hz and 330Hz after analysis. A multi component signal analyzed here consists of this two single frequency signals. Fig. 5 and Fig. 6 . There is a certain degree of apophysis near 100Hz in Fig. 6 , which means ocean ambient noise is relatively strong. The Hilbert marginal spectrums of the signal decomposed by each method are shown in Fig. 7 . According to Fig. 7 , all methods can detect the 170Hz and 330Hz to some extent. However, the spectrum of DNMD and NMD are cleaner than traditional decomposition method. DNMD and NMD remove more noise and interference. The performance of eliminating the effect of the ocean ambient noise in EMD, EEMD is weak. Fig. 8 and Fig. 9 , respectively. The Hilbert marginal spectrums of this condition are shown in Fig. 10 . There are two peaks near 290Hz and 370Hz in Fig. 9 , which is easy to be recognized as useful frequencies. From Fig. 10a and Fig.10b , DNMD suppresses ocean ambient noise and detects the 170Hz and 330Hz while NMD only extracts the 170Hz. It's difficult to find single frequency in Fig. 10c and Fig.10d because EMD and EEMD suffer from noise seriously. In this paper, a new method based on DNMD is proposed to analyze the non-linear and non-stationary signal and to detect multi-component time-varying signal. Firstly, the differential is applied to the original signal. The NMD is utilized to obtain a series of physically meaningful oscillations. Then, spectrum analysis is used to the decomposed components. The proposed method solves the problem of extracting relatively high frequency components with small amplitudes and is less sensitive to noise and chaos comparing with EMD and EEMD.
From the simulation signals, the proposed method can detect the more component signals under white Gaussian noise and chaotic interference. There is no fake frequency in the DNMD Hilbert spectrum. This approach holds on to the favorable position when changing the amplitude of signal. 2 3 , RR of DNMD are almost larger than that of NMD. From the real data analysis, our method still maintains the superiority under the condition of ocean ambient noise. According to discussion and comparisons, it has demonstrated that DNMD is an efficient and appropriate approach to signal decomposition. DNMD can be used to obtain each component from the multicomponent signal under noise, chaos and ocean ambient noise.
